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Fig.SI1
Validation of a previously implemented algorithm (Martin et al., 1997) for correlating diameter and cell number in the proposed hBM-MSCs microaggregates model. The theoretical relationship between diameter and cell number were plot and compared to the experimental data (a). 
Wnt3a, FGF2 and TGFβ3 dose dependent study over 2D hBM-MSCs proliferation
Preliminary experiments were carried out on 2D hBM-MSCs cultures for screening the influence of different combinations and concentrations of morphogens on hBM-MSCs proliferation. In details, Wnt3a, FGF2 and TGFβ3 were considered and hBM-MSCs dose dependent 2D proliferation responses to those morphogens were assessed. Briefly, hBM-MSCs (n=4 donor) were cultured in monolayer (2D) in a 96-well plate at 3,000 cells/cm2 for 72h and exposed to different concentrations of Wnt3a (5-40 ng/ml), FGF2 (5-40ng/ml) and TGFβ3 (0.1-100 ng/ml). The effect of combinations of Wnt3a and FGF2 on hBM-MSCs proliferation was also assessed, as they are known to act synergistically during limb bud early expansion stages [2] . In details, the following combinations were tested: FGF2 5ng/ml and Wnt3a 20ng/ml; FGF2 20ng/ml and Wnt3a 5ng/ml; FGF2 5ng/ml and Wnt3a 5ng/ml; FGF2 20ng/ml and Wnt3a 20ng/ml. Finally, a negative control condition (named vehicle) was established, culturing cells in SFM only. Each condition was tested in triplicate.
At day 3, the total cell number was assessed for each condition by quantified the number of nuclei, stained with Dapi as previously described. The 96-well plate was read by using the Operetta High In Figures SI3 and SI4 , hBM-MSCs 2D proliferative response to Wnt3a, FGF2 and TGFβ3 is normalized to the vehicle condition. Considering Wnt3a and FGF2 dose-responsive curves (Fig.SI3 ), the combination of FGF2 5ng/ml and Wnt3a 20ng/ml (red column in Fig.SI3 ) resulted in the highest cell number, double with respect to the vehicle control and comparable only with the 5ng/ml FGF2 condition, which is the traditional golden standard for maintaining 2D hBM-MSCs in an undifferentiated state [2] . These results suggested how these factors could play an orchestrated role in guiding hBM-MSCs proliferation, and for this reason, we decided to test their combined effect within the proposed microfluidic model.
Regarding the TGFβ3 dose-dependent effect on 2D hBM-MSCs proliferation (Fig.SI4) , a slight increase in cell number was detected only considering 1 and 10 ng/ml, while the boundary concentrations (0.01 and 100 ng/ml) gave results comparable to the negative control. Moreover, analysis on cell morphology suggest a cytotoxic effect of this morphogen in all the concentration tested, inducing a change in hBM-MSCs morphology from elongated to cuboidal shapes.
Nevertheless, being TGBβ3 known to be a key requirement for 3D hBM-MSCs chondrogenesis [3] , we decided to test the dose-dependent effect of this morphogen in our microfluidic system. To establish an experimental negative controls, some samples were treated with colchicine to inhibit cell division (d). Negative staining controls were finally obtained preventing cells from Edu exposure (e). The baseline collagen II expression of hBM-MSC microaggregates was obtained after 3 hours of culture in chondrogenic medium (f). An experimental negative control was acquired after culturing the microaggregates in SFM (g). Negative staining controls were finally obtained preventing cells from primary antibody exposure (h).
Computational study over the role of perfusion during micromasses generation
The influence of perfusion on hBM-MSCs condensation was numerically assessed by means of Computational Fluid Dynamic modeling (CFD, Comsol Multiphysics). In detail, finite element analyses were performed on a 3D geometrical model of six cubic perfused microchamber (side hchamber=150μm) perfused by a 100μm wide and 70μm high channel. Six different chamber layouts were conceived so as to model the entire range of filling conditions upon cell seeding. Such modeling was accomplished by progressively decreasing the height of the chamber, starting from the empty condition (h/hchamber=100%) to that corresponding to a chamber completely filled with cells (h/hchamber=50%). Geometries were discretized through a tethraedrical mesh scheme, consisting of about 2 million elements. The flow field was computed by solving stationary Navier-Stokes equations for incompressible fluids, with density and viscosity equal 1000 kg/m 3 and 0.890 cP, respectively [4] . A uniform velocity profile was applied to the inlet, corresponding to a total inflow of 0.5µL/h, estimated to be the perfusion rate experienced by cells during the initial condensation period within the device. A zero pressure condition was set to the outlet and a no-slip condition was applied to boundary walls. Equations were iteratively solved through the generalized minimal residual method (GMRES), and the convergence criterion was satisfied when all norm residuals fell below conditions, even in the most critical scenario (i.e. in the case of completely full chamber), the shear stress due to the mild perfusion applied was lower than 2x10 -2 dyn/cm 2 . 
Microaggregates viability assessment
To assess the cell viability within the proposed system, micromasses were generated within the microfluidic device and cultured under continuous perfusion of SFM enriched with 1 ng/ml TGFβ3.
After three days in culture, a Live/Dead assay (Molecular Probes®, Life Technologies) was performed directly within the device, according to the manufacturer's indications. In details, a 2μM
calcein AM and 4μM Ethidium homodimer-1 solution was perfused within the device for 30mins at 37°C and confocal images of labeled micromasses were subsequently acquired directly within the devices by means of a Nikon A1R Nala Confocal microscope (Nikon, Tokyo, Japan).
In Figure SI7 , results relative to a representative micromass are reported and underlined a high cell viability after 3 days in culture within the device. 
